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Why demography matters 
 Demography is a key source of uncertainty regarding 

the fate of human and natural systems 

– High temporal variability 

– High spatial variability 

– High levels of inertia and path dependence 

– Difficult to constrain projections due to stochastic events 

 Yet, the IAV community has done a poor job of 
accounting for demographic change 

Use of Scenarios in Vulnerability Assessment 

n=84 Preston (2011, 2012) 
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Demography & climate vulnerability 
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• Demography as a 

driving force 

• Demography as a 

determinant of vulnerability 

Demography & Scale 
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1o Vulnerability: global population exposure 
 “Millions at risk” (circa 1999) 

provided global estimates of 
population exposure to climate 
change 

– Compared the distribution of 
projected climate hazards with 
population scenarios 

– Numerous studies have followed 

 However, climate-related 
hazards and demography are 
highly heterogeneous (spatially 
and temporally) 

– Need to understand 
climate/demography/vulnerability 
interactions at more refined spatial 
scales 

– Need scenarios that reflect different 
aspects of demography 
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1o Vulnerability: U.S. county population exposure 

 “Potential socioeconomic 
exposure” (PSE) reflects 
the demographic 
contribution to societal 
exposure by 2050 

 Net societal exposure for 
CONUS increases by a 
factor of 3-4 

 Large deviations from 
the national trajectory 
are seen at the local level 

– Southeast urbanization 

– Coastal areas 

– Rural south 
Preston (2013) 
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1o Vulnerability: urbanization/migration & exposure 
 Increasing population growth coupled to migration/urbanization is driving 

increases in flood fatalities 
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1o Vulnerability: sensitivity & adaptive capacity 
 Age & gender are key factors 

influencing human vulnerability to 
extreme events 

– Physiological sensitivity 

– Coping mechanisms 

– Perceptions of risk (e.g., Wolf et al., 2010) 

 Spatial heterogeneity of social 
vulnerability (SoVI) is influenced 
by demographic variables 

 

 

 

 

 

 

 

 SoVIs are often used to 
represent sensitivity & adaptive 
capacity of communities 

– But prognostic indices are lacking 

 

 

 

 

 

 

 

 72% of variance explained by race, ethnicity, class, wealth, special 
needs, and service industry employment 
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2o Vulnerability: coastal housing exposure 
• Development is a significant 

driver of vulnerability to 
coastal hazards 

Projected Trend in Housing Exposure 
(Average among hurricane intensities) 

By 2050: ~50% increase in exposure 
By 2100: ~100-150% increase in exposure 

2100 ICLUS (A2), CAT3, +0.82m SLR 

Hampton Roads Housing Exposure 
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 Analysis of five years of 
county level preliminary 
damage estimates from FEMA  

 Reported losses increase 
significantly with increases in 
development density (i.e., 
population and wealth) 

 This enables one to relate 
changes in demography to the 
economic impacts of climate 
hazards 

  

2o Vulnerability: economic losses from extremes 

Floods Storms Hurricanes Wildfires 

 All Hazards 

Losses vs. Economic Exposure 
(2007-2011) 
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3o Vulnerability: urbanization & climate feedbacks 

 

 

 

Metro Atlanta  Housing Density 

2005 

2050 

ICLUS v1.3 (A2); 2006 USGS NLCD 

 

http://pubs.usgs.gov/circ/2004/circ1252/#Historical  

• U.S. urban areas are growing rapidly 

• Urban land area projected to grow from 3.1% (2000) 
to 8.1% (2050) 

• This will drive large changes in the built environment 

• Urbanization has climate feedbacks 

• Urban heat islands 

• Impacts on extreme rainfall events 

 

 

 

500

600

700

800

900

1000

1100

1200

1300

1400

1500

2000 2010 2020 2030 2040 2050 2060 2070

M
e
a
n

 H
o

u
s
in

g
 D

e
n

s
it

y
/h

e
c
ta

re
 

Metropolitan Atlanta Housing Density 

BC

A1

A2

B1

B2

http://pubs.usgs.gov/circ/2004/circ1252/
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Demography as process and outcome 

 Information on demographic 
outcomes for a given time period 
is useful 

 But, so is information on the 
processes that generated those 
outcomes 

 U.S. county poverty rates in 2009 
were linked to demographic change 
in the preceding 50 years 

– Counties with the lowest poverty rates 
experienced higher rates of demographic 
change 

 

 

Growth 

Migration 

Urbanization 

Aging 

Population size 

Population density 

Settlement patterns 

Age distribution 

t1-t0 t1 

Processes Outcomes 2009 County Poverty Rates vs.  
Demographic Change (1960-2009) 

Low Poverty High Poverty 
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Scale & scaleability 
 We need demographic information at the scale at which impacts and 

vulnerability occur 

 State to county 

 County to census block 

 Census block to property 

Upscaling Downscaling 

Scenario Scalability 
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 Choice of scenario approach should be consistent with research approach 

 

 

 

 

 

 

 

Top down or bottom up? 

Bottom Up Scenarios 

 Applications 

– Community-based research and 
assessment 

– User-driven analyses 

– Site-specific evaluations 

 Development Tools 

– Component cohort models 

– Urban growth models 

– Gravity models 

 Examples 

– ICLUS, LandScan 

Top Down Scenarios 

 Applications 

–  Integrated assessment modeling 

– National scale IAV 
research/assessment 

 Development Tools 

– Demographic models 

– Statistical downscaling 

 Examples  

– SRES (CIESIN), SSPs, MEA, UN, 
World Bank  
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Linking top down and bottom up 

 Calculate county-specific scaling factors 
based on ICLUS scenarios 

 Apply those scaling factors to national SSP 
population projections 

 Generates ICLUS/SSP hybrid scenarios 

   

U.S. Population: IIASA SSP Database 

County Population (2100): ICLUS (A2) 

SSP-Constrained ICLUS Projections 

(U.S. Southeast) 
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Conclusions: criteria for scenario design 
 Variables of interest 

– Population (day and night?) 

– Age distribution (primarily youth, working age, and elderly) 

– Race/ethnicity 

– Gender important for specific communities 

 Scale 

– High spatial resolution (raster or vector) but scaleable 
 Raster: greater flexibility for scaleability and diverse modeling applications 

 Vector: greater inherent compatibility with political boundaries 

 Time Horizon 

– At least 2050, but likely 2100 (in 5 to 10 year time steps) 

 Uncertainty 

– Multiple scenarios based on an existing conceptual framework (e.g., SRES, SSPs) 
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